INTRODUCTION
The enterobacterial Rcs phosphorelay signal transduction system responds to stresses impinging on the cell envelope and regulates many genes involved in envelope-related functions . It is implicated in the temporal regulation of biofilm formation and pathogenicity (Huang et al., 2006) . RcsC, a cytoplasmic membrane protein, is a hybrid-type histidine kinase that contains a receiver domain. Activated RcsC autophosphorylates the His residue in the kinase domain and transfers the phosphoryl group to the Asp residue of the receiver domain. Phosphotransfer to the Asp residue of the response regulator RcsB occurs through the His residue in the phosphotransmitter domain in the C-terminal region of RcsD (also called YojN), another cytoplasmic membrane protein (Takeda et al., 2001) . In Escherichia coli, the system positively or negatively regulates the transcription of more than 150 genes (Ferrières & Clarke, 2003) . Phosphorylated RcsB forms a heterodimer with the auxiliary transcription factor RcsA and controls some of the Rcs regulon genes, including the cps operon genes for capsular polysaccharide synthesis. Other genes are regulated by the RcsB homodimer .
The outer membrane lipoprotein RcsF (Castanié-Cornet et al., 2006) was initially noted for activating the Rcs system when overproduced (Gervais & Drapeau, 1992) . For a variety of environmental and mutational stresses that stimulate the Rcs system, the stimulation depends on RcsF , and RcsF can now be regarded as an inherent component of the Rcs system in which it plays an essential role in transmitting signals to RcsC.
Mislocalization of RcsF to the periplasm, which can be achieved by fusing it to periplasmic maltose-binding protein (MBP), leads to activation of the Rcs system (Shiba et al., 2012) . When the lipoprotein sorting signal at position 2 of the mature form is changed from a Ser residue to Asp (S2D), the Rcs system is activated as well. A stronger inner membrane retention signal, Asp at position 2 and Gln at position 3 (S2DM3Q) (Tokuda & Matsuyama, 2004) , which leads RcsF to localize almost completely to the inner membrane, results in even higher activation (Shiba et al., 2012) . Mislocalization of RcsF probably makes it more accessible to RcsC in the inner membrane. It is likely that RcsF functions as a ligand for RcsC in activating Rcs signalling (Shiba et al., 2012) .
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On: Sat, 08 Jun 2019 05:57:38 prerequisite for the later processing (Tokuda & Matsuyama, 2004) . The predominant donor of diacylglycerol is phosphatidylglycerol, a major acidic phospholipid in E. coli (Sankaran & Wu, 1994) . A pgsA null mutant that is defective in phosphatidylglycerophosphate synthase and completely lacks phosphatidylglycerol and cardiolipin is viable if it also lacks the major outer lipoprotein encoded by the lpp gene, although it shows a thermosensitive growth defect (Kikuchi et al., 2000; Matsumoto, 2001; Nagahama et al., 2006; Suzuki et al., 2002) . The mutant accumulates small amounts of phosphatidic acid and cytidine diphosphate diacylglycerol (Kikuchi et al., 2000) , which can serve as diacylglycerol donors in the prolipoprotein modification reaction, but the modification efficiency is very low (Sankaran & Wu, 1994; Suzuki et al., 2002) . In the pgsA null mutant the precursor form of RcsF is accumulated in the inner membrane and the Rcs system is activated (Shiba et al., 2012) . Accumulation in the inner membrane is, however, not the sole cause of Rcs activation in the pgsA null mutant: RcsFS2DM3Q, which localizes completely to the inner membrane, shows a higher Rcs activation in the pgsA null mutant cells than in the pgsA + cells (Shiba et al., 2012) . The pgsA mutation seems to impose another envelope stress in addition to the mislocalization of RcsF.
An outer membrane lipoprotein NlpE is required for the activation of the Cpx signal transduction system, at least in response to bacterial adhesion to surfaces (Otto & Silhavy, 2002) . This signal transduction system is also activated in the pgsA mutant, but NlpE is not involved in the activation in response to the pgsA mutation (Itou et al., 2012) .
The starting point for this study was the observation that the N-terminal moiety of RcsF contains a peculiar region that is rich in proline. This proline-rich region (PRR) is also rich in basic amino acid residues. Deletion of the PRR in periplasm-or inner membrane-mislocalized RcsF resulted in even higher activation of the Rcs system than mere mislocalization. In contrast, PRR deletion in the wildtype RcsF localized to the outer membrane resulted in loss of activation under stress. We investigated the PRR because it possibly plays an important role in regulating the activation of the Rcs system via RcsF.
METHODS
Bacterial strains, plasmids and culture media. The E. coli strains and the plasmids used for this study are listed in Table 1 . DNA primers used for this study are listed in Table 2 .
In this report, deletion at the N and C termini from the mature form of RcsF is denoted by D and the number of deleted residues to the left and right, respectively, of RcsF or rcsF: To give an example, deletion of the 16 N-terminal residues from the mature form of RcsF in the MBP fusion protein encoded by pHM002DN16 is denoted as MBPD16RcsF and its coding fusion gene as malE9-9DSSD16rcsF.
The nucleotide sequence for the PRR was deleted from pYAS003 according to the method of Ansaldi et al. (1996) using the primer pair rcsFDPRR1 and rcsFDPRR2. The NcoI-HindIII fragment containing rcsFDPRR was cloned into the NcoI-HindIII region of pHR718 to construct prcsFDPRR. We amplified rcsFDPRR by PCR using primers rcsFSCys and rcsFAsHindIII and cloned it into the EcoRI-HindIII region of pHM001 to construct pMFP1.
The plasmid pHM002DN16 was constructed by cloning PCR products prepared using pYAS003 as template and the primer pair Nd16rcsFS and rcsFAsHindIII into the EcoRI-HindIII region of pHM002. Plasmid pHM002DN35 was constructed similarly using Nd35rcsF instead of Nd16rcsFS.
We constructed pRFdpS2D as follows: first, a megaprimer was prepared by PCR using prcsFDPRR as template and primer pair rcsFSNcoI and rcsFAsS2D; next, a PCR product constructed with prcsFDPRR as template and the megaprimer and the primer rcsFAsHindIII was cloned into the NcoI-HindIII region of pHR718. Plasmid pRFdpS2DM3Q was constructed in a similar way: first, a megaprimer was prepared by PCR using as template pRFdpS2D and primer pair rcsFSNcoI and rcsFS2DAsM3Q; next, a PCR product, which was prepared using pRFdpS2D as template and the megaprimer and the primer rcsFAsHindIII, was cloned into the NcoI-HindIII region of pHR718.
Plasmid pTRF041 encoding tandem repeat RcsF was constructed by cloning a PCR product from template pYAS003 and primer pair rcsFSNcoI and rcsFD4nsEcoRI and a PCR product from template pYAS003 and primer pair rcsFSCys and rcsFAsHindIII into the NcoIHindIII region of pYAS003. Plasmids pTRF042, 043 and 044 were constructed similarly by appropriately using prcsFDPRR instead of pYAS003 as template.
For construction of pUME001-006: first, megaprimers were prepared by PCR using pYAS003 as a template and primer pairs of rcsFSNcoI and rcsFAsPxA (x517, 19, 23, 26, 29, 33) ; next, PCR products, prepared using template pYAS003 and the megaprimers and primer rcsFAsHindIII, were cloned into the NcoI-HindIII region of pHR718.
For construction of pUME010: first, a megaprimer was prepared by PCR using template pUME001 and primer pair rcsFSNcoI and rcsFAsPprrA; next, a PCR product, prepared with pUME006 as template and the megaprimer and a primer rcsFAsHindIII, was cloned into the NcoI-HindIII region of pHR718.
For construction of pUME011: first, a megaprimer was prepared by PCR using template pYAS003 and primer pair rcsFSNcoI and rFprrAsKR-Q; next, a PCR product, prepared using pYAS003 as template and the megaprimer and primer rcsFAsHindIII, was cloned into the NcoI-HindIII region of pHR718.
For construction of pUME012: first, a megaprimer was prepared by PCR using template pYAS003 and primer pair rcsFSNcoI and rFprrAsKR-E; next, PCR product prepared using template pYAS003 and the megaprimer and the primer rcsFAsHindIII was cloned into the NcoI-HindIII region of pHR718.
For construction of pUME013: first, a megaprimer was prepared by PCR using template pUME010 and primer pair rcsFSNcoI and rFprrAsP-AKR-Q; next, a PCR product, which was prepared using pUME010 as template and the megaprimer and primer rcsFAsHindIII, was cloned into the NcoI-HindIII region of pHR718.
For construction of pUME014: first, a megaprimer was prepared by PCR using template pUME010 and primer pair rcsFSNcoI and rFprrAsP-AKR-E; next, a PCR product constructed with template pUME010 and the megaprimer and primer rcsFAsHindIII was cloned into the NcoI-HindIII region of pHR718.
Plasmids pUME101-106 and 110-114 were constructed by cloning PCR products, which were prepared using pUME001-006 and 010-014, respectively, as templates and using the primer pair rcsFSCys and rcsFAsHindIII, into the EcoRI-HindIII region of pHM001.
All the plasmid constructs were confirmed by sequencing. Recombinant DNA procedures were based on standard methods (Sambrook & Russell, 2001 ).
Luria-Bertani (LB) medium and buffered LB medium (Shiba et al., 2004) were used. For plates, media were solidified with 1.5 % agar.
When appropriate, the antibiotic spectinomycin was included at 50 mg ml
21
. Cell growth was monitored with a Klett-Summerson colorimeter equipped with a no. 54 filter. The b-galactosidase assay method using ONPG as substrate and the unit definition were as described by Wang & Doi (1984) .
Proteins were separated by SDS gel electrophoresis with 12 or 15 % polyacrylamide gel. ECLplus (Amersham) was used for immunodetection in Western blotting experiments according to the manufacturer's instruction. Anti-RcsF antiserum raised against Cterminally His 6 -tagged RcsF lacking its signal sequence and Nterminal Cys of the mature form (Shiba et al., 2012) was used.
RESULTS

The PRR of RcsF
According to the GTOP (Genomes TO Protein structures and functions) database of the National Institute of Genetics, Japan (http://spock.genes.nig.ac.jp/~genome/gtop. html), residues 31-48 (counting from the N-terminal Met of the primary gene product) of E. coli RcsF are predicted to form a low-complexity region by the SEG program (Wootton & Federhen, 1996) . We noted that this region contains many proline and basic amino acid residues. When the amino acid sequences of the RcsF proteins of various bacteria were compared, the primary sequences around this low-complexity region were found to be less conserved than other regions, but they shared the feature of abundant proline and basic residues (Fig. 1a) . In this study, we refer to residues 32-50 (17-35 counting from the N-terminal Cys of the mature form), a segment containing six prolines and five basic residues, of RcsF as the PRR (Fig. 1b) .
Deletion of the PRR in periplasmic MBP-RcsF fusion protein increases the Rcs activation level
When the mature form of RcsF (starting from the Nterminal Cys) is fused to the C terminus of periplasmic MBP (the malE gene product), the fusion protein strongly activates the Rcs system (Shiba et al., 2012) . Deletion of the 16 N-terminal residues from the mature form of RcsF in the fusion protein (MBP-D16RcsF) did not significantly change the activation level. Deletion of the 35 N-terminal residues (MBP-D35RcsF) greatly enhanced the activation level (Fig. 2a) . Deletion of PRR alone (MBP-RcsFDPRR) produced a high activation similar to MBP-D35RcsF (Fig. 2a) . Fusion proteins were expressed from P tac promoter on a low-copy-number plasmid of pSC101 origin in the absence of the inducer IPTG. When equivalent amounts of the samples were analysed by SDS-PAGE and Western blotting, comparable amounts of the products were detected for MBP-RcsFD35 and MBPRcsFDPRR (Fig. 3a) .
MBP-RcsF responds to the stresses imposed by mutations including pgsA, mdoH and tolB, (but not rfaP; outer membrane-localized RcsF is affected by rfaP but periplasmand inner membrane-mislocalized RcsF are not), and activates the Rcs system (Shiba et al., 2012) . In these mutants MBP-RcsFDPRR, expressed from P tac promoter on a low-copy-number plasmid in the absence of IPTG, showed high Rcs activation, similar to that without a mutation, and no further increase (Fig. 2b) . It seems that deletion of the PRR in MBP-RcsF leads to almost full Rcs Proline-rich region of RcsF activation and that mutational stresses consequently barely affect the activation level.
Deletion of the PRR in inner membranemislocalized lipoprotein RcsF also increases the Rcs activation level
When the lipoprotein sorting signal at position 2 of the mature form of RcsF is changed from a Ser residue to Asp (S2D), an inner membrane retention signal (Tokuda & Matsuyama, 2004) , the Rcs system is activated (Shiba et al., 2012) . A stronger inner membrane retention signal, Asp at position 2 and Gln at position 3 (S2DM3Q) (Tokuda & Matsuyama, 2004) , which leads RcsF to localize completely to the inner membrane, produces higher activation (Shiba et al., 2012) . Deletion of PRR from RcsFS2D and RcsFS2DM3Q resulted in even higher activation of the Rcs system (Fig. 2c) . RcsF proteins were expressed from P trc promoter on a low-copy-number plasmid with 20 mM IPTG. At this IPTG concentration the expression level is about the same as that of chromosomally encoded RcsF (Shiba et al., 2012) .
The Rcs activation level by inner membrane-mislocalized RcsF with and without PRR deletion was much smaller than that by periplasm-mislocalized RcsF with and without PRR deletion expressed in the absence of IPTG (Fig. 2a, c) . This is most likely because RcsF soluble in the periplasmic space would be much more freely accessible to RcsC than RcsF embedded in the inner membrane.
Deletion of the PRR in wild-type outer membranelocalized lipoprotein RcsF does not increase the Rcs activation level
In contrast to periplasm-and inner membrane-mislocalized RcsF, the wild-type outer membrane-localized RcsF did not show increased Rcs activation when the PRR was deleted and the protein was expressed from P trc promoter on a low-copy-number plasmid with 20 mM IPTG (Fig.  2c) . RcsFDPRR did not respond to the stresses imposed by mutations, mdoH, tolB and rfaP, which normally activate the Rcs system (Shiba et al., 2004 (Shiba et al., , 2012 : no Rcs activation was observed (Fig. 2d) . In the pgsA mutant, the precursor form of RcsF accumulates in the inner membrane because of the lack of phosphatidylglycerol, the predominant donor of diacylglycerol in the lipoprotein modification reaction (Shiba et al., 2012) . Thus, RcsFDPRR in the pgsA mutant showed increased Rcs activation (Fig. 2d ) in a way similar to inner membrane-mislocalized lipoproteins RcsFS2DDPRR and RcsFS2DM3QDPRR (Fig. 2c) . 
Deletion of the PRR in tandem repeat RcsF decreases the Rcs activation level
We suspected that the failure of outer membrane-localized RcsFDPRR to activate Rcs might be because of the diminished molecular size due to the deletion of PRR. RcsF probably functions as a ligand for histidine kinase RcsC in the inner membrane in activating the Rcs system (Shiba et al., 2012) , and RcsF of a diminished size might fail to interact with RcsC. To avoid such a size effect, we constructed a molecule consisting of tandem repeat copies of RcsF (RcsFD4-RcsF). For the upstream copy of the repeated RcsF, the four C-terminal residues were deleted. Deletion of the four C-terminal residues from RcsF leads to loss of Rcs activation (our unpublished result). For the downstream copy of the repeated RcsF, the signal sequence was deleted.
The resultant tandem repeat RcsF (RcsFD4-RcsF) led to high Rcs activation, most likely because of higher accessibility to the periplasmic domain of RcsC due to the increased size (Fig. 2e) . Although the deletion of PRR from the upstream copy did not decrease the Rcs activation level (RcsFDPRRD4-RcsF), deletion of PRR from the downstream copy greatly decreased the activation level (RcsFD4-RcsFDPRR). Deletion of PRR from both upstream and downstream copies showed a similarly low level of activation (RcsFDPRRD4-RcsFDPRR; Fig. 2e ). These tandem repeat molecules were expressed from P trc promoter on a low-copy-number plasmid with 20 mM IPTG. SDS-PAGE followed by Western blotting showed that the products had the expected molecular sizes (Fig.  3b) . Because the upstream copy of RcsF has a wild-type lipobox and lipoprotein sorting signal, the tandem repeat RcsF should behave as an outer membrane lipoprotein.
Moreover, as shown in the experiments described below, when wild-type outer membrane lipoprotein RcsF was overproduced with 100 mM IPTG, PRR deletion also resulted in decreased Rcs activation level (Fig. 2g, i, k) .
Deletion of the PRR thus caused opposite effects on Rcs activation in outer membrane-localized RcsF versus periplasm-and inner membrane-mislocalized RcsF: a decrease in the former case but increases in the latter cases.
Replacement of Pro residues in the PRR with Ala partially reproduces the phenotype of PRR deletion mutants
We replaced proline single residues in the PRR with alanine.
In the MBP-RcsF fusion protein, only the replacement of Pro at position 33 (the most C-terminal in PRR) caused Rcs activation of a level of about one-third of the activation by MBP-RcsFDPRR, significantly different (unpaired t-test; P,0.01) from MBP-RcsF without replacement (Fig. 2f) .
Other Pro-to-Ala replacements showed no effect on the Rcs system. The mutant fusion proteins were expressed in comparable amounts from P tac promoter on a low-copynumber plasmid with 1 mM IPTG (Fig. 3c) .
In outer membrane lipoprotein RcsF, overproduced in comparable amounts from P trc promoter on a low-copynumber plasmid with 100 mM IPTG (Fig. 3d) , Pro-to-Ala replacements decreased Rcs activation. Except for the P17A replacement, the b-galactosidase activity was significantly different (unpaired t-test; P,0.01) from that shown by RcsF without replacement. The nearer the replacement was to the C terminus in PRR, the lower was the activation level (Fig. 2g) .
When all Pro residues in the PRR were replaced with Ala (P-A) in MBP-RcsF, no further Rcs activation was seen; the b-galactosidase activity was not significantly different (unpaired t-test; P.0.05) from that shown by RcsFP33A (Fig. 2h) . The mutant fusion proteins were expressed from P tac promoter on a low-copy-number plasmid with 1 mM IPTG in comparable amounts (Fig. 3e) .
Replacements of all the Pro residues in PRR with Ala (P-A) in outer membrane lipoprotein RcsF led to significantly lower Rcs activation (unpaired t-test; P,0.01) than the replacement of Pro at position 33 (Fig. 2i) . However, Rcs activation did not seem to be as low as in the PRR deletion mutant. The mutant proteins were overexpressed from P tac promoter on a low-copy-number plasmid with 100 mM IPTG (Fig. 3f) . Although equivalent amounts of samples were analysed, RcsF_P-A gave a slightly thicker band than RcsFDPRR. This might be responsible for the higher b-galactosidase activity shown by RcsF_P-A than that by RcsFDPRR.
The effects of Pro-to-Ala replacements differed between wild-type outer membrane-localized RcsF and periplasmmislocalized RcsF. However, the replacements in the Cterminal part of the PRR seem to have a stronger effect on the activation domain in the C-terminal region of RcsF in both cases.
Effect of the replacement of basic amino acid residues in PRR with either Gln or Glu
As replacement of all Pro residues in PRR with Ala did not seem to fully reproduce the phenotype of PRR deletion mutants, we next replaced all the five basic amino acid (Arg and Lys) residues in PRR with either Gln or Glu. When all the basic residues were replaced with Gln (KR-Q) in MBP-RcsF fusion protein, the Rcs activation level was doubled (Fig. 2j) . When all the basic residues were replaced with Glu (KR-E), the activation level was greatly increased. When the replacements of all the Pro residues in PRR with Ala (P-A) were combined with KR-Q and KR-E replacements, the activation level further increased. In this experiment, although all the mutant proteins were expressed from P tac promoter on a low-copy-number plasmid with 1 mM IPTG, the amounts of the products in equivalent amounts of samples were different (Fig. 3g) : for example, MBP-RcsF_P-A_K-RE gave about twice as thick a band as MBP-RcsFDPRR. We therefore conclude that the combination P-A and KR-E replacements fairly closely reproduce the effect of DPRR on the Rcs system in the fusion protein, rather than that the combination is more stimulatory than DPRR.
In the case of modifications of the outer membrane lipoprotein RcsF, which were overexpressed in comparable amounts from P tac promoter on a low-copy-number plasmid with 100 mM IPTG (Fig. 3h) , KR-Q, KR-E and P-A replacements and their combinations showed a similarly decreased level of Rcs activation. The level was slightly but significantly higher (unpaired t-test; P,0.01) than that shown by RcsFDPRR (Fig. 2k) .
Some of the replacements resulted in different mobility in SDS gel electrophoresis from that of wild-type proteins (Fig. 3g, h ). Amino acid replacements in the PRR probably caused a change of conformation of the protein, possibly including the activation domain in the C-terminal region, even after boiling with SDS.
DISCUSSION
Mislocalization of RcsF to the periplasm or inner membrane leads to high activation of the Rcs system most This may thus indicate that RcsF functions as a ligand for RcsC in activating Rcs signalling (Shiba et al., 2012) . Deletion of the 35 N-terminal residues from the mature form of RcsF in the MBP fusion protein prompted high Rcs activation, indicating that the functional domain for the Rcs activation resides within the region from Ile-36 to C-terminal Lys-119 of RcsF (numbered starting from the N-terminal Cys of the mature form). According to X-ray crystallography (Leverrier et al., 2011) and NMR spectroscopy (Rogov et al., 2011) , the region from Pro-33 to the C terminus is a well-structured part of the protein forming a central b-sheet between two a-helices.
The effect of PRR deletion on Rcs activation was opposite in outer membrane-localized RcsF and periplasm-and inner membrane-mislocalized RcsF. In periplasm-mislocalized MBP-RcsF, deletion of the PRR increased the Rcs activation level. When RcsF was mislocalized to the inner membrane, either through modification of the lipoprotein sorting signal (RcsFS2D and RcsFS2DM3Q) or because wild-type RcsF maturation was thwarted (in the pgsA mutant), deletion of the PRR caused higher activation of the Rcs system. The PRR thus seems to repress Rcs activation when RcsF is mislocalized to the periplasm or the inner membrane. In contrast, in wild-type, where RcsF localized to the outer membrane, deletion of PRR did not cause Rcs activation and in fact curbed the response to the stresses imposed by mutations mdoH, tolB and rfaP, which normally activate the Rcs system (Shiba et al., 2004 (Shiba et al., , 2012 . In tandem repeat RcsF and overproduced RcsF, deletion of the PRR caused a decrease of the Rcs activation level. RcsF thus seems to require the PRR to sense the stresses imposed on the envelope and activate the Rcs signalling. Although we cannot explain with certainty the reason for the opposite effects of PRR deletion, we surmise that the PRR plays an important role in the regulation of the function of RcsF in activating the Rcs system. The PRR may affect the conformation of the C-terminal activation domain in different ways for properly localized RcsF and for mislocalized RcsF. Proline-rich regions in proteins are generally extended and flexible, and often implicated in complex multiple protein association phenomena (Williamson, 1994) . In X-ray and NMR analyses the region from the N terminus to Pro-33 was found to be disordered (Leverrier et al., 2011; Rogov et al., 2011) . The primary sequence of this region is poorly conserved among enterobacterial RcsF proteins, but all the proteins have numerous proline and basic residues in this vicinity (Fig.  1a) . It would be interesting to test if deletions and substitutions in this region provide phenotypes similar to those observed in this study, especially in Yersinia pestis and Erwinia carotovora.
In tandem repeat RcsF, deletion of the PRR of the downstream copy of RcsF (RcsFD4-RcsFDPRR) led to decreased Rcs activation, but PRR deletion of the upstream copy (RcsFDPRRD4-RcsF) did not. As the upstream RcsF copy lacks the four Cterminal residues and cannot activate the Rcs system (our unpublished result), the activation domain resides only in the C-terminal region of the downstream copy. Deletion of the PRR of the downstream copy probably affected the conformation of the contiguous activation domain, whereas PRR deletion of the upstream copy did not affect the activation domain in the artificially fused downstream copy.
The effects of Pro-to-Ala replacements in the PRR differed between outer membrane-localized RcsF and periplasmmislocalized MBP-RcsF. Only the replacement of Pro-33 affected the Rcs activation level in the latter. In the former all replacements affected the Rcs activation, with replacements nearer to the C terminus of the PRR having a stronger effect. The effect of P-A, KR-Q and KR-E replacements and their combinations were also different between properly localized RcsF and MBP-RcsF. In MBPRcsF, the KR-E replacement showed the strongest effect, and the effects of combinations were additive. In properly localized RcsF all the replacements showed a similar level of effect and no additive effect was seen in combinations.
We cannot explain the differences in replacement effects, but taken together these observations suggest that the unstructured region near the N terminus of RcsF with its proline and basic amino acid residues plays an important role in regulating the interaction of the C-terminal activation domain of RcsF with histidine kinase RcsC in the inner membrane. 
